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© Polyfluoroalkenyl ether and polymer comprising the same. 

© A polyfluoroalkenyl ether of the formula: 

CFX=CX(CFX) n O(CFZCF 2 0) m CFYZ (I) 

wherein X is a chlorine atom or a fluorine atom. Y is a group 
of the formula: 

-COF, -COOM, -COOR, -CCONR 2 or -CN 

in which M is an alkali metal and R is a hydrogen atom or a 
lower alkyl group, 2 is a fluorine atom or a trifluoroalkyl 
group, n is an integer of 2 to 6 and m is an integer of 0 to 6, 
which can be homopolymerized or copolymerized with an 
ethylenicaily unsaturated comonomer to give a polymer 
having improved low temperature properties. 
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POLYFLUOROALKENYL ETHER AND POLYMER 
COMPRISING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a polyfluoro- 
alkenyl ether and a polymer comprising the same. 
BACKGROUND OF THE INVENTION 

In course of the polymerization of a known ether 
compound having a vinyl group such as an ether compound of 
the formula: . ? , ; •' - : 

CF 2 =CF0R f 1 

wherein R f » is a perf luoroalkyl group, a produced. polymer 

tends to suffer B-cleavage which will terminate the poly^. 
merization of the chain by the formation of a CFO group at 
the polymer molecule end and a new free redical group (cf. 
U.S. Patent No. 3,642,742 and U.K. Patent No. 1,299.495). 
To prevent the B-cleavage of the polymer, the polymerization 
should be carried out at a low temperature. However, at the 
low polymerization temperature, only a small number of poly- 
merization initiators can be used and the polymerization 
rate is disadvantageously lowered. 
SUMMARY OF THE INVENTION 

One object of the present invention is to provide 
a novel ether compound having an ethyleni cally unsaturated 
bonding and at least two carbon atoms between said unsatu- 
rated bonding and etheric oxygen atom, a polymer of which 
does not suffer B-cleavage during polymerization. 
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Another object of the present invention is to 
provide a polymer comprising the novel ether compound. 

These and other objects are achieved by a poly- 
f luoroalkenyl ether of the formula: 

CFX«CX(CFX) n O(CFZCF 2 0) m CFYZ (I) 
wherein X is a chlorine atom or a fluorine atom, Y is a 
group of the formula: 

-COF, -C00M, -C00R, -CONR 2 or -CN 
in which M is an alkali metal and R is a hydrogen atom or a 
lower alkyl group, Z is a fluorine atom or a trif luoroalkyl 
group, n is an integer of 2 to 6 and m is an integer of 0 to. 
6, and a polymer comprising the same. 
DETAILED DESCRIPTION OF THE INVENTION 

In the formula .(I), n is usually an integer of 2 
to 6, preferably 2 and 3. The ether (I) wherein n is larger 
than 3 is somewhat expensive and not economical. m is 
usually an integer of 0 to 6. When m is larger than 6, 
isolation of each ether compound is difficult in the synthe- 
sis steps. In addition, the ether (I) having larger m and 
thus a larger molecular weight becomes more viscous. The 
lower alkyl group includes one having 1 to ^ carbon atoms, 
preferably 1 to 3 carbon atoms. 

Among the various ethers according to the present 
invention, the ether (I) wherein X is a fluorine atom, n is 
2 or 3 and m is an integer of 0 to 3 is preferable. 

Specific examples of the ether (I) are as follows: 
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CF 2 -CFCF 2 CF 2 OCF(CF 3 )COF 

CF 2 -CFCF 2 CF 2 OCF(CF 3 )COOCH 3 

CF 2 -CFCF 2 CF 2 0CF(CF 3 )C00H 

CF 2 -CFCF 2 CF 2 0CF(CF 3 )C0NH 2 
5 CF 2 -CFCF 2 CF 2 0CF(CF 3 )C0N(CH 3 ) 2 

CF 2 -CFCF 2 CF 2 0CF(CF 3 )CN 

CF 2 «CFCF 2 CF 2 0[CF(CF 3 )CF 2 0] 2 CF(CF 3 )COF 

CF 2 -CFCF 2 CF 2 0[CF(CF 3 )CF 2 0] 2 CF(CF 3 )COOCH 3 

CFC1=CFCF 2 CF 2 0CF(CF 3 )C0F 
10 CFC1=CFCF 2 CF 2 0CF(CF 3 )C00CH 3 . 

The ether (I) wherein' Y is a group of the formula: 

-COOR in which R is a hydrogen atom or a lower. alkyl group;,. 

and Z is a trif luoroalkyl group may be prepared according to 

the following reaction scheme: /.. 

15 CFXClCXCl(CF 2 ) n _ 1 COF (II) 

+ Hexaf luoropropyleneoxide 
(CsF as a catalyst and a solvent) 

CFXClCXCl(CF 2 ) n 0(CFCF 2 0) m CFC0F (III) 

If, If, 



20 



'3 " r 3 
+ ROH 



CFXClCXCl(CF 2 ) n O(CFCF 2 0) m CFCOOR (IV) 



25 



CF 3 CF 3 



+ Zn (in a solvent) 
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CFX-CX(CF 2 ) n 0(CFCF 2 0) m CFC00R , (V) 

iF 3 1:f 3 

The ether (I) wherein Y is a group of the formula: 
-C00M, -CN or -C0NR 2 in which M and R are the same as 
defined above may be prepared by subjecting the compound 
(III) to a suitable subsequent treatment- For example, the 
ether (I) wherein Y is -C0NR 2 is prepared by reacting the 
compound (III) with NHR 2 . The ether (I) wherein Y is -C00M 
is prepared by reacting the compound (III) with an alkali 
metal hydroxide. The ether (I) wherein Y is -CN is prepared 
by reacting the compound (III) with ammonia followed by 
dehydration. 

Specific examples of the solvent used in the con- 
version of the compound (II) to the compound (III) are 
glymes (e.g., ethyleneglycol dimethyl ether, diethylene- 
glycol dimethyl ether and tetraethyleneglycol dimethyl 
ether) and acetoni trile . Specific examples of the solvent 
used in the conversion of the compound (IV) to the compound 
(V) are alcohols (e.g., methanol, ethanol and ethylene- 
glycol) and amides (e.g., dimethylf ormamide and dimethyl- 
acetamide) . 

The catalyst used in the conversion of the com- 
pound (II) to the compound (III) includes cesium fluoride, 
potassium fluoride, silver fluoride, ammonium fluoride, 
tetra(C 1 -C i | alkyl Jammonium fluoride (e.g, tetramethyl- 
ammonium fluoride/ tet raethylammoni urn fluoride and tetra- 
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butylammonium fluoride), sulfonium fluoride (e,g., benzene- 
sulfonium fluoride), etc. A preferred example of the 
catalyst used in the conversion of the compound (IV) to the 
compound (V) is metal zinc. 

In each reaction step, the reaction temperature 
and the reaction time vary with the kind of the desired 
product. Preferred reaction conditions are as follows: 

The conversion of the compound (II) to the com- 
pound (II) is carried out at a temperature from -30°C to 

+30°C for 3 to 20 hours. 

The compound (III) i-s reacted with the alcohol by 

dropwise adding the latter to the former while cooling the 
reaction' system with iced water to obtain the compound (IV). 

The conversion of the compound (IV) to the com- 
pound (V) is carried out at a refluxing temperature of the 
solvent for 1 to 5 hours. 

Although the polyf luoroalkenyl ether (I) of the 
invention can be homopolymerized , it is preferably copolyme- 
rized with at least one ethylenically unsaturated monomer so 
as to modify characteristics (e.g.. low temperature proper- 
ties) of a homopolymer of the ethylenically unsaturated 
monomer . 

The polymer of the invention includes a homo- 
polymer of the ether (I), a copolymer of at least two diffe- 
rent kinds of the ethers (I) and a copolymer of the ether 
(I) with the ethylenically unsaturated comonomer. 
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The ethylenically unsaturated comonorper may be any 
one that can be copolymerized with the ether (I) and inc- 
ludes a fluorine-not-containing ethylenically unsaturated 
compound (e.g., ethylene, vinyl chloride, vinylidene chlo- 
ride, acrylic acid and methacrylic acid), and a fluorine- 
containing ethylenically unsaturated compound (e.g., tetra- 
f luoroethylene (hereinafter referred to as "TFE") , tri- 
fluoroethylene, vinylidene fluoride (hereinafter referred to 
as "VdF"), vinyl fluoride, hexaf luoropropylene (hereinafter 
referred to as "HFP" ) , chlorotrif luoroethylene, perfluoro- • 
(methyl vinyl ether) and perf luoro(propyl vinyl ether)). Iri:' 
view of making the best use of the characteristics of the 
polyf luoroalkenyl ether (I) of the invention, it is prefe- i 
rably copolymerized with the fluorine-containing ethyle- 
nically unsaturated compound. 

The copolymer of the polyf luoroalkenyl ether (I) 
with the comonomer preferably contains 0.1 to 50 % by mole 
of the former from view points of properties of the copoly- 
mer. 

The polymerization is carried out under substan- 
tially the same conditions as in polymerization of the 
conventional f luoroolef ins . It may be carried out in a 
suitable manner, for example, bulk, suspension or emulsion 
polymerization in the presence of a polymerization 
initiator. 
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The polymerization is preferably carried out in 
the presence of a solvent to improve the contact between the 
monomer molecules. Preferable examples of the solvent are 
halogenated hydrocarbons (e.g., tri chlorotrif luoroethane , 

5 dichlorotetraf luoroethane t tri chlor of luororne thane , dichloro- 
dif luoromethane and perf luorocyclobutane ) and water. 

As the polymerization initiator, any one that does 
not deteriorate the properties of the produced polymer may 
be used. Specific examples of the polymerization initiator 

10 are di (fluoroacyl )peroxides and di ( chlorof luoroacyl )- 

peroxides as described in Japanese Patent Publication Nos - 1 
28675/1974 find 44301/1972, dialkylperoxydicarbonates (e.g., 
diisopropylperoxydicarbonate) , diacylperoxides (e . g. , iso- ^ 
butyrylperoxide) , and perpxyesters (e.g., t~butyl pxyiso-. 

15 butyrate and t-buty.l peroxypi valate) . 

Optionally, a chain transfer agent which is used 
in conventional radical polymerization may be added to the 
polymerization system according to the present invention. 
Specific examples of the chain transfer agent are isoparaf- 

20 fin, tetrachloromethane , dimethyl malonate, diethyl ether, 
mercaptans, alcohols and so forth. 

The reaction temperature is not critical in the 
polymerization according to the present invention. 
Preferred range of the reaction temperature is between a 

25 room temperature and 100°C. The reaction pressure may be 
autogenic pressure of the used monomer(s), although the 

polymerization system may be pressurized. 
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The copolymer of the invention, particularly^ 
copolymer of the ether (I) and VdF, is an elastomer having 
good low temperature properties. For example, the copolymer 
with VdF has about 10°C lower freezing temperature than the 
conventional VdF/HFP copolymer and the VdF/TFE/HEP terpoly- 
mer which have glass transition temperatures from -20°C to 
-15°C. Thus, the copolymer of the invention is useful as a 
sealing material to be used at a low temperature. In 
addition, the copolymer of the invention does not foam 
•during molding at a high temperature, which results in easy* 
and stable molding. ir. 

The copolymer comprising the ether (I) wherein Y /- ' 
is -COOM is useful as an ion exchanger. When the copolymer 
of the invention comprises the ether (I) wherein Y is -CN, ' 
the ciano groups act as cross linking sites. The cross 
linking may be effected by heating the elastomer in the 
presence of a conventional catalyst such as tetraphenyltin. 
PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be hereinafter explai- 
ned further in detail by following Examples. 

Example 1 

Preparation of 

CF 2 - CF ( CF 2 ) 2 0 ( CFCF ? 0) 9 CFCOOCH 0 

I I 3 

CF 3 CF 3 
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(A) To a 2 liter flask containing cesium fluoride 
(15 g) and absolute tetraglyme (100 ml), 2, 3-di chloropenta- 
f luorobutanoyl fluoride ( 1 80 g) was added. While keeping a 
temperature of the flask interior at a temperature from 
-15°C to -20°C with stirring, hexaf luoropropyleneoxide 
(hereinafter referred to as "HFPO" ) was injected at such a 
rate that the mixture was refluxed by a condenser cooled 
with dry ice. After 4 hours from the initiation of the 
reaction, the injection of HFPO was terminated and the reac- 
tion mixture was stirred for additional 30 minutes. Then, a 
layer of the product was separated off by means of a sepa- 
rating funnel. To the product, methanol (48 g) was added 
with cdoling.'by ice'd water to obtain a compound of the 

. . . . ' - 

.; . - ■ ' ■ . .. ■ ' tv: 

formula: ' 

CF 2 ClCFCl(CF 2 ) 2 O(CFCF 2 O) in CFC0OCH 3 

l? 3 CF 3 

According to gaschromatographic analysis of the 
product, the proportion of the compounds having different m 
were as follows: 

m Mole % 

0 1.56 

1 5.07 

2 41 .12 

3 46.02 

4 6.22 
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(B) Rectification of Jthe product in the step (A) 
afforded a slightly viscous colorless transparent liquid 
(178.5 g) of the formula: 

CF 2 C1CFC1(CF 2 ) 2 0(CFCF 2 0) 2 CFC00CH 3 
5 CF 3 CF 3 

Boiling point 155°C/92 mmHg. 

IR absorption spectrum showed strong absorption at 
1,785 cm" 1 assigned to 00 bonding* in the ester group and 
absorption at 2,980 cm" 1 assigned to C-H bonding in the 
10 methyl groups. 

Elemental analysis (C-, 2j Cl 2 F 23 H 3 0 5 ) : C CI F H -t 

Calc'd: 22.13 9. 35. .57. 58 0.40 : i 
Found: 21.86 9.01 58.22 0.32 , 

(C) To a four-necked 5.00 ml flask directly connec- 
15 ted to a rectifier, powdery metal zinc (35 g) and dimethyl- 

formamide (200 ml) were charged, and the compound produced 
in the step (B) (156.9 g) was dropwise added in a boiling 
state of dimethylf ormaroide while collecting distillate. 
After the addition of the compound was finished, the stir- 
20 ring was continued to complete the reaction. The distillate 
was washed with water and rectified to obtain the titled 
compound (9H.3 g). Boiling point 103°C/28 mmHg. Yield 66 
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Elemental analysis (C 1 i i F 2 3 H 3 0 5 ) : C F * H 

Calc'd: 22. k2 63-52 0 .Hi| 
Found: 24.00 6*1.11 0.39 

Example 2 

5 Preparation of a copolymer of the compound 

prepared in Example 1 and VdF 

In a 1 00 ml glass pressure reactor equipped with a 

valve, the compound prepared in Example 1 (hereinafter 

referred to as "<j> 2 BE") (10,3 g) , 1 , 1 , 2- tr i chloro-1 , 2 , 2- 

10 trif luoroethane (hereinafter referred to as "R- 11 3 " ) (10.0 

ml) and a solution of 2, 4,5-tri chioroperf luorohexahoylper- 

. oxide in R-113 (0.44, g/ml) (0.8 g) were charged and cooled 

by dry ice/methanol, and the reactor interior was replaced 
... . . . . SB;,' 

with VdF. Then, VdF (5.2 g) was injected and reacted at 

15 20±1°C for 12 hours with shaking. As the reaction procee- 
ded, the interior pressure dropped from 8.1 kg/cm 2 G to 2.2 
kg/cm 2 G and the reaction mixture was clouded. After dis- 
charging the unreacted monomers, the reaction mixture was 
recovered, washed with diethyl ether three times and dried 

20 under reduced pressure to obtain the copolymer (8.*J g). 
Molar ratio of VdF : <j> 2 BE =» 90.0:10.0 (according to 19 F- 
NMR). Cn3 (35°C, in MEK) = 0.32. Glass transition tempera- 
ture -25°C. 

Example 3 

25 In the same manner as in Example 2 but charging 

2.6 g of VdF and proceeding the reaction for 9 hours, the 
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reaction was carried .out, during which the interior pressure 
dropped from 4.2 kg/cm 2 G to 1.8 kg/cm 2 G, to obtain the 
copolymer (3.4 g). Molar ratio of VdF : $ 2 BE ».84:16. 
Glass transition temperature -27.3°C. 
Example 4 

In the same manner as in Example 2 but replacing 
the reactor interior with TFE, charging TFE (1.4 g) in place 
of VdF and proceeding the reaction" for 28 minutes, the reac- 
tion was carried out, during which the interior pressure 
dropped from 1.8 kg/cm 2 G to 1.2 kg/cm 2 G, to obtain the co- 
polymer (1.9 g). Melting point 326. 3°C. 

Example 5 

In the same manner as in Example 2 but replacing 1 
the reactor interior with ethylene , charging ethylene (0.8 
g) in place of VdF and proceeding the reaction for 19 hours, 
the reaction was carried out, during which the interior 
pressure dropped from 3.8 kg/cm 2 G to 3.4 kg/cm 2 G, to obtain 
the copolymer (1.2 g). Molar ration of ethylene : <f> 2 BE - 
84.2:15.8. 
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CLAIMS 

1. A polyfluoroalkenyl ether of the formula: 
CFX=CX(CFX) n O(CFZCF 2 0) m CFYZ (I) 

wherein X is a chlorine atom or a fluorine atom, Y is a 
group of the formula: 
5 -COF, -C00M, -C00R, -~C0NR 2 or -CN 

in which M is an alkali metal and R is a hydrogen atom or a 
lower alkyl group, Z is a fluorine atom or a trif luoroalkyl 
group, n is an integer of 2 to 6 and m is an integer of 0 to 
6. 

2. A polyfluoroalkenyl ether according to claim 1 , 
wherein. X is a fluorine atom, n is 2 or 3 and m is an inte-- 

. ger of 0 to 3- : 

15 3. A polyfluoroalkenyl ether according to claim 1, 

wherein Y is a group of the formula: -COF. 

ft. A polyfluoroalkenyl ether according to claim 1, 
wherein Y is a group of the formula: -C00M in which M is an 
20 alkali metal. 

5. A polyfluoroalkenyl ether according to claim 1, 
wherein Y is a group of the formula: -C00R in which R is a 
lower alkyl group. 

25 
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6. A polyf luoroalkenyl ether according to claim 1, 
wherein Y is a group of the formula: -C0NR 2 in which R is a 
lower alkyl group. 

7. A polyf luoroalkenyl ether according to claim 1, 
wherein Y is a cyano group. 

8. A polymer comprising repeating units derived 
from a polyf luoroalkenyl ether (I) according to claim 1. 

9. A polymer according to claim 9, which is a 
homopckLymer of the polyf luoroalkenyl ether (I).: 

10. A : . polymer according to claim 9, which is a 
copolymer of at least two different kinds of the polyfluoro- 
alkenyl ether ( I) . 

11. A polymer according to claim 9, which is a 
copolymer of the polyf luoroalkenyl ether (I) with at least 
one ethylenically unsaturated comonomer. 

12. A polymer according to claim 11, wherein the 
comonomer is a f luorine-not-containing ethylenically unsatu- 
rated compound. 
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13- A polymer according to claim 11,, wherein the 
comonomer is a fluorine-containing ethylenically unsaturated 
compound. 



